Lornoxicam drug is an enolic acid derivative (oxicam) of the non-steroidal anti-inflammatory drugs class. It is used to relieve pain and inflammation in rheumatic disease and osteoarthritis and other inflammation. Furthermore, such drug has side effects similar to other NSAIDs, most commonly gastrointestinal and headache. Severe but seldom adverse effects include bleeding, bronchospasms and the extremely rare Stevens-Johnson syndrome. Adverse effects on liver were not previously-investigated.
Introduction
The liver is the fundamental and major site of drugs-metabolism; and non-steroidal antiinflammatory drugs (NSAIDs) are the most widely utilized medications for pain-control and inflammation in several countries (1) . The main cause of the limitation for the use of such drugs class is the gastrointestinal (GI) adverse effects such as the bleeding ulcers and hepatic adverse effects (2) .
Lornoxicam is a potent NSAID with analgesic, antipyretic and anti-inflammatory effects that used to relieve the pain of postoperative in orthopaedic surgery (3) (4) . Moreover, lornoxicam caused adverse effects during its hepatic metabolism (5) .
Omega-3 poly-unsaturated fatty-acid (PUFAs) including docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) is an essential oil for the development of fetal and health aging; it plays a role in anti-inflammatory process and cell membrane viscosity (6, 7) . Furthermore, it has been reported that the intake of omega-3 PUFA may provide a protective impact against the most common adverse effects of NSAIDs such as cardiovascular and gastrointestinal (8) . The drugliver interaction and drug-drug interaction must also be considered. Authors reported that drug-drug interactions (DDIs) have been noticed when NSAIDs are co-administered with some common medications (9) ; thus, the safety profile of NSAIDs alone, and in combination with other medications and supplements needs to be assessed in healthy status.
The aim of this study is to investigate whether lornoxicam, or omega 3 fatty acid, or coadministration of omega 3 with lornoxicam have adverse effects on liver of healthy male rats.
Materials and Methods

Animals
Twenty eight (28) healthy adult Albino male rats, weighing 180-200gm were used in this study; they were obtained and maintained in the Animal House of the College of Pharmacy, University of Baghdad under conditions of controlled humidity and temperature and light-dark cycle. Animals were fed standard laboratory pellets and tap water ad libitum during the experiment duration. This study was approved by the Scientific Committee of the Department of Pharmacology and Toxicology, and by the Scientific Committee of the College of Pharmacy/ University of Baghdad.
Lornoxicam and omega 3 fatty acids
Lornoxicam vial of 8mg/2ml was purchased from Ms Pharma (Jordan), and omega-3 capsules of 1000mg pure fish-oil from (AMS) America Medic and science (USA).
Experimental protocol
Rats were randomly divided into four groups, seven animals each as follows:
Group I: Rats were intraperitoneally (IP) injected normal saline of 5ml/kg/day dose for 14 days. This group served as a negative control. Group II: Rats were IP injected with lornoxicam 0.7mg/kg/day for 14 days (10) . Group III: Rats were orally-administered omega-3 at a dose of 185mg/kg/day by gavage tube for 14 days (11) . Group IV: Rats were administered a combination of oral omega-3 (185mg/kg/day) with IP lornoxicam (0.7mg/kg/day) for 14 days.
Twenty-four hour after the end of treatment duration i.e. at day 15 the animals were euthanized by diethyl ether and then after cervical dislocation, liver of each animal was quickly excised and washed with ice-cold phosphate buffer saline (PBS) (pH 7-7.2) to descend excessive blood, then the liver tissue was weighed, and then cut down to a small pieces and 1gm of liver tissue was placed in tube containing 9ml of ice-cold PBS to prepare 10ml of tissue homogenate; the liver tissue then homogenized by the homogenizer after putting the tube containing tissue in beaker containing ice. The homogenate then centrifuged on 10000 rpm for 15 minutes in a cold centrifuge and the supernatant then used to estimate ALT and AST enzymes levels; in addition to cytokines [tumor necrosis factor-alpha (TNF-α), and interleukine-10 (IL-10)].
Determination of alanine aminotransferase (ALT) activity level
The principle of this assay uses enzymelinked immune-sorbent assay (ELISA) based on biotin double antibody sandwich technology. Standards and samples are pipetted into the wells that pre-coated with ALT monoclonal antibody and then incubated at 37⁰C for 60 minutes. After incubation, anti-ALT antibodies that labeled with biotin were added to unite with streptavidin-HRP to form an immune-complex. Un-bound enzymes then removed after incubation and washing; then substrate A and B were added. The solution turned blue and changed to yellow by the effect of acid. The shades of solution and the concentration of rat ALT were positively correlated (12) . The assay range: 1U/L-200 U/L and the sensitivity: 0.52 U/L.
Determination of aspartate aminotransferase (AST) activity level
The principle of this assay depends on enzyme-linked immune sorbent assay (ELISA) based on biotin double antibody sandwich technology. Standards and samples are pipetted into the wells that are pre-coated with AST-monoclonal antibody and then incubated at 37⁰C for 60 minutes. After incubation, AST-antibodies that labeled with biotin were added to unite with streptavidin-HRP, which forms the immune complex. Un-bound enzymes were removed after incubation and washed with washing buffer; then substrate A and B were added. The solution were turned to blue and changed to yellow with effect of acid. The shades of solution and the concentration of AST are positively correlated (13) . The assay range: 1U/L-200U/L; and the sensitivity: 0.51U/L.
Determination of tumor necrosis factor-alpha (TNF-alpha) level
The principle of this assay depends on enzyme-linked immune sorbent assay (ELISA) based on biotin double antibody sandwich technology. Standards and samples are pipetted into the wells that are pre-coated with TNF-αmonoclonal antibody and then incubated at 37⁰C for 60 minutes. After incubation, TNF-α -antibodies that labeled with biotin were added to unite with streptavidin-HRP, which forms the immune complex. Un-bound enzymes were removed after incubation and washed with washing buffer; then substrate A and B were added. The solution were turned to blue and changed to yellow with effect of acid. The shades of solution and the concentration of rat's TNF-α is positively correlated (14) . Assay range: 5ng/L-1000ng/L. Sensitivity: 2.51ng/L
Determination of Interleukin-10 (IL-10) levels
The principle of this assay depends on enzyme-linked immune sorbent assay (ELISA) based on biotin double antibody sandwich technology. Standards and samples are pipetted into the wells that are pre-coated with IL-10-monoclonal antibody and then incubated at 37⁰C for 60 minutes. After incubation, IL-10-antibodies that labeled with biotin were added to unite with streptavidin-HRP, which forms the immune complex. Un-bound enzymes were removed after incubation and washed with washing buffer; then substrate A and B were added. The solution were turned to blue and changed to yellow with effect of acid. The shades of solution and the concentration of IL-10 are positively correlated (14) . Assay range: 3pg/ml-900pg/ml. Sensitivity: 1.51pg/ml.
Statistical analysis
Unpaired Student t-test was utilized to estimate the difference between two groups. The significance of differences among various groups was determined by One-way Analysis of Variance (ANOVA).
Differences were statistically considered significant for P-value less than 0.05 and data were expressed as means ± standard error of the mean (SEM). Table 1 showed that in group of rats intraperitoneally injected with therapeutic dose of lornoxicam (0.7mg/kg) for 14 days (Group II) there were non-significant (P>0.05) differences in both enzymes activity levels (ALT and AST) in liver tissue homogenate compared to the corresponding levels in negative control rats (Group I). Table 1 showed that in group of rats intraperitoneally injected with therapeutic dose of lornoxicam (0.7mg/kg) for 14 days (Group II) there were significant reduction (P<0.05) in TNF-α level in liver tissue homogenate compared to negative control rats (Group I). In contrast, there was nonsignificant difference (P>0.05) in IL-10 level in Group II rats' liver tissue homogenate treated with therapeutic dose of lornoxicam (0.7mg/kg) compared to negative control rats (Group I). -Data presented as means ± standard error of the mean (SEM).
Results
Table1. Effect of therapeutic dose of lornoxicam on liver tissue enzymes (ALT and AST) and cytokines (TNF-α, IL-10) levels in male rats (N=7).
Group
Mean±SEM of ALT (IU/L)
Mean±SEM of AST (IU/L)
Mean±SEM
-*: P<0.05: Significant difference compared to negative control group.
-Group I: Negative control (NS); Group II: lornoxicam-treated rats (0.7 mg/kg).
-ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TNF-α: Tumour necrosis factor-alpha; IL-10: Interleukin-10; -N: Number of animals Table 2 showed that in group of rats orallyadministered omega 3 (185mg/kg) alone for 14 days (Group III) there were non-significant difference (P>0.05) in ALT, AST enzymes activity , and TNFα level in liver tissue homogenate compared to negative control rats (Group I). In contrast, a significant elevation (P<0.05) in IL-10 level in Group III rats' liver tissue homogenate orallyadministered omega 3 (185mg/kg) was shown compared to negative control rats (Group I). Table 3 showed that male rats coadministered therapeutic dose of lornoxicam (0.7mg/kg) intraperitoneally plus orallyadministered omega 3 (185mg/kg) once daily for 14 days (Group IV) showed a significant elevation (P<0.05) in both enzyme activity levels (ALT, and AST) in liver tissue homogenate each compared to the corresponding levels in male rats IP injected with therapeutic dose of lornoxicam (0.7mg/kg) (Group II); similarly, there were significant elevation (P<0.05) in both enzymes levels (ALT, and AST) in liver tissue homogenate in male rats coadministered therapeutic dose of lornoxicam (0.7mg/kg) IP plus orally-administered omega 3 (185mg/kg) once daily for 14 days (Group IV) compared to the corresponding levels in male rats orally-administered omega 3 alone (Group III). Table 3 showed that male rats coadministered therapeutic dose of lornoxicam (0.7mg/kg) IP plus orally-administered omega 3 (185mg/kg) once daily for 14 days (Group IV) showed a non-significant difference (P>0.05) in the level of TNF-α in liver tissue homogenate compared to the corresponding levels in male rats IP injected with therapeutic dose of lornoxicam (0.7mg/kg) (Group II); but, there was a significant reduction (P<0.05) in the level of TNF-α in liver tissue homogenate in male rats coadministered therapeutic dose of lornoxicam (0.7mg/kg) IP plus orally-administered omega 3 (185mg/kg) once daily for 14 days (Group IV) compared to the corresponding levels in male rats orally-administered omega 3 alone (Group III). Additionally, table 3 showed that male rats coadministered therapeutic dose of lornoxicam (0.7mg/kg) IP plus orally-administered omega 3 (185mg/kg) once daily for 14 days (Group IV) showed a significant elevation (P<0.05) in the level of IL-10 in liver tissue homogenate compared to the corresponding levels in male rats IP injected with therapeutic dose of lornoxicam (0.7mg/kg) (Group II); in contrast, there was non-significant difference (P>0.05) in the level of IL-10 in liver tissue homogenate in Group IV (rats co-administered therapeutic dose of lornoxicam (0.7mg/kg) IP plus orally-administered omega 3 (185mg/kg) once daily for 14 days compared to the corresponding levels in male rats orally-administered omega 3 alone (Group III).
Table 2. Effects of omega-three (ω-3) fatty acids alone on the liver tissue liver tissue enzymes (ALT and AST) and cytokines (TNF-α, IL-10) levels in male rats. (N=7). Group Mean±SEM of ALT (IU/L)
Mean±SEM of AST (IU/L)
Mean±SEM of TNF-α in liver tissue (ng/L)
Mean±SEM of IL-10
Table 3. Effect of co-administration of therapeutic dose of lornoxicam and omega 3 on the liver tissue enzymes (ALT and AST) and cytokines (TNF-α, IL-10) levels in male rats compared to omega 3 and lornoxicam-treated group. (N=7).
Group
Mean±SEM of AST (IU/L) 
Mean±SEM of AST (IU/L)
Mean±SEM of TNF-α ng/L
Discussion
Results obtained from this study showed that therapeutic dose of lornoxicam (0.7mg/kg) intraperitoneally injected for 14 days (Group II) produced non-significant (P>0.05) differences in both enzymes activity levels (ALT and AST) in liver tissue homogenate compared to the corresponding levels in negative control rats (Group I) as shown in table 1. This could be attributed to the antiinflammatory effects of such drug. Results obtained from the current study are inconsistent with those obtained by others (15) ; moreover, in the present study, TNF-α levels in liver tissue homogenate were significantly reduced (P< 0.05) and non-significant (P>0.05) in IL-10 level in liver tissue homogenate of Group II (rats treated with therapeutic dose of lornoxicam (0.7mg/kg) compared to negative control rats (Group I); this may indicate that lornoxicam used alone, may have the ability to reduce the inflammatory response during the study period. Authors illustrated the adverse effects of other drugs and chemicals on rats liver (16) (17) ; but, no previous studies were reported in order to compare results of this study with others concerning the effect of lornoxicam used at therapeutic dose alone on rats' liver.
It has been reported that TNF-α is a proinflammatory cytokine involved in various biological processes including regulation of cell proliferation, differentiation, apoptosis and immune response; and as a cell signaling protein involved in systemic inflammation. It is principally produced by -activated macrophages-, many other cell types. The deregulatory production of TNF has been implicated in a variety of diseases and drug-use (11) (18) .
Moreover, results showed in table 3 revealed that levels of enzymes ALT and AST in liver tissue homogenate were respectively, significantlyreduced (P<0.05) (ALT) and non-significantly changed (P>0.05) (AST) when omega-3 was coadministered with lornoxicam for 14 days compared to lornoxicam-treated rats. Furthermore, table 3 also showed that TNF-α levels in liver tissue homogenate were not significantly changed (P>0.05) when omega-3 was co-administered with lornoxicam for 14 days compared to lornoxicam-treated rats, respectively; but, there were significant reduction (P<0.05) in the level of TNF-α in liver tissue homogenate of Group IV rats (combination) compared to the corresponding levels in male rats orally-administered omega 3 alone (Group III) ( Table 3 ). This may be due to synergistic effects of combination treatment. Additionally, table 3 showed that male rats coadministered therapeutic dose of lornoxicam (0.7mg/kg) intraperitoneally plus orallyadministered omega 3 (185mg/kg) once daily for 14 days (Group VI) showed a significant elevation (P<0.05) in the level of IL-10 in liver tissue homogenate compared to the corresponding levels in male rats injected with therapeutic dose of lornoxicam (0.7mg/kg) (Group III); this elevation of IL-10 may be due to a compensatory manner to regulate inflammatory mediators.
Authors reported that IL-10 is an immunomodulatory cytokine that may regulate the immune response by inhibiting the proliferation of certain immune cells and promoting the proliferation of others; this in turn may reduce the production of inflammatory cytokines; and may promote the secretion of antibodies, which bind to specific foreign molecules, thereby inactivating those molecules and marking them for destruction by other immune cells (19) . Furthermore, authors mentioned omega 3 had minimal side effects, and even at high doses administration, it was elevating levels of hepatic enzymes and not exhibit liver injury (20) .
In conclusion, the current study is the first that highlight the effect of utilizing alone, lornoxicam, or omega 3 on rats' liver; and again, it is the first that investigates the effect of combination of omega 3 co-administered with lornoxicam on rat's liver; thus, we did not have a chance to compare results of this study with others. The present study proved that, omega-3 can reduce signs of inflammation through the reduction-of TNF-alpha level and elevation of IL-10 with a significant reduction in ALT enzyme activity level in rats' liver tissue homogenate.
